[1] Coordinated ground-based observations of Titan were performed around or during the Huygens atmospheric probe mission at Titan on 14 January 2005, connecting the momentary in situ observations by the probe with the synoptic coverage provided by continuing ground-based programs. These observations consisted of three different categories: (1) radio telescope tracking of the Huygens signal at 2040 MHz, (2) observations of the atmosphere and surface of Titan, and (3) attempts to observe radiation emitted during the Huygens Probe entry into Titan's atmosphere. The Probe radio signal was successfully acquired by a network of terrestrial telescopes, recovering a vertical profile of wind speed in Titan's atmosphere from 140 km altitude down to the surface. Ground-based observations brought new information on atmosphere and surface properties of the largest Saturnian moon. No positive detection of phenomena associated with the Probe entry was reported. This paper reviews all these measurements and highlights the achieved results. The ground-based observations, both radio and optical, are of fundamental importance for the interpretation of results from the Huygens mission.
Introduction
[2] In 2003, the International Astronomical Union Commission 16 (Physical Study of Planets and Satellites) ''endorsed astronomical observations of the Saturnian system at the time of the NASA and ESA Cassini/Huygens mission to the Saturnian system. The attention of the world-wide astronomical community is drawn to the unique scientific opportunities presented by the presence of a long-lived orbiting spacecraft in the Saturnian system and a Titan Probe. Observations of all types, ground-and space-based, are encouraged during the course of the mission (nominally 2003 -2008) , including observations of Saturn, the rings, Titan, and the icy satellites.'' It was therefore decided to support and coordinate, at the level of the Huygens Project Scientist Team, a series of ground-based observations at the time of the Huygens mission. The results from the observing campaign are presented in this special section.
[3] The Huygens mission was carried out successfully on 14 January 2005. An overview of the mission is given by Lebreton et al. [2005] , while the first scientific results from all experiments are reported by Bird et al. [2005] , Fulchignoni et al. [2005] , Israel et al. [2005] , Niemann et al. [2005] , Tomasko et al. [2005] , and Zarnecki et al. [2005] .
[4] At the time of the mission, no fewer than 17 radio telescopes were pointed at Titan and tuned to the frequency of the Huygens ''channel A'' carrier signal at 2040 MHz. [Lebreton et al., 2005 ]. An Earth-based radio-tracking effort on this scale was not planned during the original design of the mission and required major coordination that included dry-run observations in August and November 2004. The Huygens radio astronomy ground-based segment was designed to achieve the following three goals: real-time detection of the Huygens carrier signal; Doppler tracking as an enhancement to the Doppler Wind Experiment (DWE) [Folkner et al., 2006] ; acquisition of Very Long Base Interferometry (VLBI) data for determining the position of the Probe in the celestial plane.
[5] Eight large optical observatories participated in coordinated observations of Titan before, during and after the Huygens mission. The first objective was to carry out scientific observations of Titan in various fields: nearinfrared studies of the atmosphere and of the surface Hartung et al., 2006 [6] All these observations in various domains of the electromagnetic spectrum were complementary to the Huygens measurements. The radio astronomy segment proved especially valuable following the loss of the Cassini channel A receiver in that it largely recovered the primary goal of the Doppler Wind Experiment [Bird et al., 2005; Lebreton et al., 2005; Folkner et al., 2006] . Other astronomical observations provided key information on the atmosphere and surface properties. Section 2 gives an overview of the coordinated set of observations, and section 3 outlines the scientific results achieved so far. Engineering achievements are summarized in section 4.
Overview of the Ground-Based Observations
[7] Many observations of Titan were made during the Huygens mission. Here, only the coordinated ground-based observations are briefly described and put into context.
Radio Tracking of the Huygens Signal
[8] Seventeen radio telescopes listed in Table 1 and displayed in Figure 1 participated in the monitoring of the carrier signal driven by the DWE ultra-stable oscillator onboard the Huygens Probe and formed the radio astronomy segment of the mission. This segment consisted of two types of observations:
[9] 1. All 17 radio telescopes participated in Very Long Base Interferometry (VLBI) observations of the Huygens Probe. Of these, 15 telescopes were tuned to the Huygens channel A carrier frequency of 2040 MHz, while two others did not observe the Probe at this frequency but were involved in the overall ''phasing-up'' the network of radio telescopes by observing the calibrator sources at frequencies not covering the value of 2040 MHz. The goal of the VLBI observations, led by the Joint Institute for VLBI in Europe (JIVE), was to reconstruct the projection of the descent trajectory on the plane of the sky, with an expected linear accuracy of the order of 1 km.
[10] 2. Six radio telescopes from the entire network of seventeen participated in Doppler observations of the Huygens Probe, in parallel with the VLBI observations. The goal of these observations, led by NASA's Jet Propulsion Laboratory, was to generate a full two-dimensional characterization of Titan's horizontal wind field during the Probe's descent from a combination of the planned Doppler measurements on the Probe-Orbiter and Probe-Earth radio links. The two largest radio telescopes of the network, the NRAO R.C. Byrd Green Bank and CSIRO Parkes telescopes were equipped with NASA Deep Space Network Radio Science Receivers. These devices were able to digitally record the Huygens' carrier radio signals and detect them in real-time. Four additional telescopes of the Very Long Baseline Array (VLBA), NRAO Pie Town, Kitt Peak, Owens Valley and Mauna Kea, were equipped with JPL-built PC-based Digital Doppler Recorders.
[11] Both parts of the radio astronomy segment of the Huygens mission have been built on the heritage of previous similar experiments. In particular, the Huygens Doppler tracking experiment with Earth-based radio telescopes evolved from the JPL-led observations of the Galileo mission in the atmosphere of Jupiter [Folkner et al., 1997a] and earlier observations of Pioneer Venus probes [Counselman et al., 1979] . VLBI tracking of planetary spacecraft for navigation was developed in the mid-1970s and has been frequently used since then [Thornton and Border, 2003] . VLBI observations of planetary probes have also been used to measure lunar rotational dynamics [King et al., 1976; Slade et al., 1977] and winds on Venus [Counselman et al., 1979; Preston et al., 1986; Sagdeyev et al., 1992] . We note that the VLBI technique offers extremely high angular resolution that is inversely proportional to the baseline (distance) between the telescopes involved. At wavelengths of radio domain and baselines of up to 10,000 km, the VLBI technique enables a milliarcsecond-scale ''sharpness'' in determination of the position of a point-like source of emission. Recent improvements in the VLBI technique, including wider recording bandwidths and phase-referencing, were employed for the Huygens observations, providing much greater sensitivity than previous VLBI observations of space probes.
Observations of Titan
[12] The following telescopes (listed in Table 2 ) observed Titan with various scientific objectives:
[13] 1. The National Astronomical Observatory of Japan Subaru telescope (Hawaii) was equipped with the NASA Goddard Space Flight Center Heterodyne Instrument for Planetary Wind And Composition, HIPWAC [Kostiuk et al., 2001 [Kostiuk et al., , 2005 . The goal was to directly measure the magnitude and direction of Titan's stratospheric zonal wind by measurement of the Doppler-shift of ethane lines near 12 mm emitted from Titan's stratosphere. Observations were scheduled on 13, 14, and 15 January. Poor weather prevented measurements on 13 January, permitted only limited measurements on 14 January, but allowed better results on 15 January.
[14] 2. The UV-Visual Echelle Spectrograph (UVES) on the Very Large Telescope (VLT) was used to measure the Doppler-shifted solar spectrum reflected by the Titan's atmosphere in the visible range . Zonal winds in the stratosphere are inferred from such an observation. Titan was not visible with the VLT at the time of the Huygens mission. 32 exposures spanned over 4 nights were performed around 14 January 2005.
[15] Three telescopes were used to study the atmosphere and surface of Titan in the near-infrared (all using adaptive optics), by virtue of the weak methane absorption found at certain wavelengths and allowing to probe down to the surface.
[16] 1. The VLT Yepun telescope observed Titan on 15 and 16 January by means of the NAOS/CONICA (NACO) instrument. Several modes of NACO were used: (1) narrowband filter imaging, gathering information around 1.3 and 2 micron; (2) spectroscopy from 2.0-2.5 micron; (3) Simultaneous Differential Imager (SDI) near 1.6 micron; and (4) Fabry-Perot imaging in the K-band (2.00 -2.18 microns).
[17] 2. Observations with the Near-Infrared Camera (NIRC2) camera at the KECK II were scheduled on 14, 15, 16, and 17 January. The camera was used in high angular resolution mode. Several filters were used between 1.485 and 2.299 mm.
[18] 3. The William Herschel Telescope equipped with the NAOMI/OASIS system observed on 10, 19, and 22 January, in the range 0.8 to 1 microns. Figure 1 . Approximate locations of Earth-based radio telescopes involved in the radio astronomy segment of the Huygens mission. All seventeen telescopes participated in VLBI observations. Two telescopes shown in red (Green Bank and Parkes) participated in real-time detection of the Huygens Channel A carrier signal at 2040 MHz. The latter two plus four VLBA telescopes shown in purple participated in Doppler measurements. [19] Two additional observations deserve to be mentioned, even if they were not formally part of the coordinated ground-based observations during the Huygens mission:
[20] 1. The Pic du Midi (France) telescope was observing the surface of Titan. The interest was the study of the effect of Saturn's opposition (13 January 2005) on the surface. The observation was carried out in the infrared at 1.28 micron.
[21] 2. A simple whole-disk cloud monitoring program was developed using a 14-inch telescope located at New Mexico Skies Observatory. Observations were performed in 2003, 2004 and 2005 , including the time of the Huygens mission.
[22] Three articles of this special section deal with observations performed outside the ''Huygens mission window'': Á dámkovics et al. Column 4 indicates if the planned observation was related to the detection of the Huygens Probe entry (yes or no). Scientific goals related to Titan are given in column 5. Subaru is the National Astronomical Observatory of Japan 8.2-m telescope, located at Mauna Kea (Hawaii). HIPWAC is the NASA Goddard Space Flight Center Heterodyne Instrument for Planetary Wind And Composition. VLT is the European Southern Observatory 8-m Very Large Telescope, located in Chile. UVES is the UV-Visible Echelle Spectrograph mounted on one of the VLT telescope. NACO is an adaptive optics system mounted on the Yepun VLT telescope. SINFONI is the new adaptive optics assisted integral-field spectrometer mounted on the Yepun VLT unit. Keck is a 10-m telescope located at the summit of Mauna Kea (Hawaii), operated as a scientific partnership among the California Institute of Technology, the University of California, and the National Aeronautics and Space Administration. The NIRC2 is an adaptive optics system mounted on the Keck telescope. WHT is the William Herschel Telescope, 4.2 m telescope, located in La Palma (the Canary Islands). OASIS is an adaptive optics system operating first at the CFHT (Hawaii) with PUEO and then at the WHT with NAOMI. IRTF is the NASA Infrared Telescope Facility. IRTF is a 3-m telescope located at the summit of Mauna Kea (Hawaii). TEXES is a high-resolution grating spectrograph mounted on IRTF. HALE is the Palomar 5.1-m telescope, located in north San Diego, California. Gemini is an 8-m optical/infrared telescope located in Hawaii. The Pic du Midi Observatory is located in the French Pyrenees Mountains. 1-and 2-m telescopes are being used for professional reasons. HST is the Hubble Space Telescope, and STIS is the Space Telescope Imaging Spectrograph. Table 2 ) were devoted to the detection of the emission formed during the Huygens Probe's entry into Titan's atmosphere and due to dissipation of kinetic energy. Details are given by Lorenz et al. [2006] . The planned observations included (1) the NIRC2 camera mounted on the KECK II telescope (Hawaii); (2) the TEXES high-resolution spectrometer on IRTF (Hawaii); (3) the Near InfraRed Imager on the Gemini telescope (Hawaii); (4) the Palomar Double Spectrograph on the Hale telescope (California); and (5) Figure 9 ). The most interesting feature is a sharp inversion layer near the 515 ± 5 km altitude level. At that level, the temperature locally increases by 15 K in only 6 km, and the peak value of the gradient dT/dz reaches values as high as +6 K/km. This layer has also been observed by the HASI experiment aboard Huygens, at around 507 ± 15 km. Further work is needed to understand the difference in altitude.
Zonal Winds
[25] The direct Doppler wind observations on Subaru [Kostiuk et al., 2006] and VLT are combined with other direct ground-based measurements and measurements from Cassini DWE to retrieve a first altitude profile for zonal winds on Titan from $10 to $450 km altitude (Figure 2) . A prograde wind is retrieved throughout and significant increase in wind velocity is seen in the upper stratosphere. Wind speeds deduced from stellar occultations (e.g., Sicardy et al., submitted manuscript, 2006) and from thermal maps by CIRS [Flasar et al., 2005] are in good agreement with the Doppler retrievals. Current dynamical models qualitatively agree with this profile and can be further constrained and improved using the wind altitude profile. Observational and theoretical model results lead to a better understanding of atmospheric dynamics of slowly rotating bodies. Evidence of temporal and possibly spatial variability as well as the possible probe of Titan's mesosphere by HIPWAC provide new directions for further studies from Cassini as well as from groundbased observatories.
[26] An improved wind profile for the middle and stratosphere and below with higher temporal resolution (2 -3 seconds) than that presented in the preliminary analysis of Bird et al. [2005] is published in this special section [Folkner et al., 2006] , with a first high vertical resolution display and interpretation of the winds near the surface and planetary boundary layer. The main features are (1) the drop in wind speed to near zero at an altitude between 65 and 75 km; (2) the slow and retrograde wind speed between 1 and 5 km altitude, reversing to slightly prograde at the surface; and (3) the $1 m/s eastward surface wind consistent with the theoretical prediction of a surface gradientwind less than 2 m/s.
[27] Zonal wind profiles are deduced at about 250 km altitude from stellar occultation measurements (Sicardy et al., submitted manuscript, 2006) . A strong asymmetry between the northern and southern hemispheres has been found in terms of wind intensity (see Figure 3 ): about 215 m/s at 55N, 150 m/s at the equator, and then zero in the summer (southern) hemisphere.
Atmospheric Density and Composition
[28] (Sicardy et al., submitted manuscript, 2006, Figure 8 ) report on stratospheric density profiles. There is a good agreement between the retrieved profiles and Yelle's engineering model predictions in the 400-500 km altitude range [Yelle et al., 1997] . However, a closer inspection shows that the density profiles are about 35% denser (at a given altitude) than Yelle's profile (or about 15 km higher, for a given density). Considering the uncertainty domain, this discrepancy remains nevertheless marginal.
[29] The vertical distribution of ethane is discussed by Livengood et al. (submitted manuscript, 2006) , based on 
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high-resolution infrared spectroscopy performed with the Subaru telescope and the HIPWAC instrument. The observed morphology of the C 2 H 6 spectroscopic signature differs significantly from earlier observations. The spectroscopy favors a vertical distribution of C 2 H 6 that is enhanced in the mesosphere. An ethane mole fraction of 9.4 ± 2.0 to 10.8 ± 2.4 parts per million by volume (ppmv) is retrieved for the stratosphere, depending on which of two acceptable mole fraction profiles is assumed. These concentrations are consistent with earlier retrievals from IR heterodyne spectroscopy. An enhanced mole fraction in the mesosphere of 120 ± 30 ppmv is found with a profile that assumes differing vertically uniform concentrations in the stratosphere and mesosphere. The other acceptable profile, which has a steady gradient through the mesosphere, reaches a similar concentration at about 440 km above the stratopause.
Cloud Activity
[30] The Keck II captured Titan some moments after the Huygens Probe reached its target (Figure 4) . No clouds were detected on that day. A feeble cloud appeared on 15 January and remained visible through 17 January. The bright large southern pole feature observed in Titan's atmosphere since 1999 and until recently with adaptive optics is not evident either in the VLT/NACO data on 15 or 16 January. The brightness observed at the location where it usually appears (at 2.12 micron anyway) is about 
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10% brighter with respect to the rest of the limb, and since this is our intrinsic error bar here for the Fabry-Perot Interferometer, Hirtzig et al. (submitted manuscript, 2006) cannot claim a detection. The regular Narrow-Band filters do not see any hint for such a feeble phenomenon, confirming the lack of cloud activity above the South Pole of Titan. On the other hand, the NACO images clearly show at several wavelengths (in the 2.12-2.15 micron range) a feature near the south pole but at higher latitudes (60 -70°S) on the Western lower side; this feature was reported by Hirtzig et al. [2006] as a companion to the main southern cloud or vortex. At the time of the Huygens descent it presents a contrast of 87% with respect to the surrounding areas.
[31] This lack of south polar cloud activity on 14 January 2005 is confirmed by the 14 inch telescope photometry project and Gemini observations [Schaller et al., 2005] . No cloud activity at the Huygens landing site near the equator has ever been observed in adaptive optics images during the past four years of observations. South polar clouds were observed in nearly all adaptive optics images from October . The Huygens landing occurred during a quiescent period of cloud activity on Titan which lasted for at least five months. The lack of south polar cloud activity observed during this time period may be the beginning of seasonal change and/or could be related to the large cloud event of October 2004.
Haze Distribution
[32] The tropospheric haze enhancement near the South Pole is confined to latitudes above 40S, and aerosol extinction there is retrieved to be enhanced by a factor of 1.7 relative to the latitude of the Huygens landing site [Á dámkovics et al., 2006] . The stratospheric extinction is measured to increase linearly at a rate of 0.65 ± 0.05% per degree latitude from 40S into the Northern mid latitudes. Both of these values have been determined in the context of the Huygens/DISR measurement that demonstrate a constant tropospheric haze extinction. The observations presented here reveal that the tropospheric haze enhancement observed in 2001, shortly before the summer solstice at the South Pole (in October 2002), has thinned and is far less prominent than in 2005. However, the interpretation by Á dámkovics et al. [2004] of an enhancement specifically near the altitude of the tropopause must be revised in light of the Huygens/DISR measurements, and further observations are necessary to show if indeed there is a preferential altitude in the troposphere at which the extinction enhancement occurs. The redistribution of tropospheric haze is a new example of large-scale aerosol dynamics, like the seasonal stratospheric haze asymmetry that has been observed, for example, from the Hubble Space Telescope [Lorenz et al., 2004] and from the ground .
Surface
[33] The dark/bright surface contrast analysis at different wavelengths indicated perhaps the presence of coarser grained frost in the dark areas compared to the bright regions, and/or the presence of additional absorbers in these dark areas, such as NH 3 and/or NH 4 SH frost Hirtzig et al., submitted manuscript, 2006] .
[34] Surface albedo maps were produced at 2 wavelengths [Á dámkovics et al., 2006, Figure 12] , giving complementary information on the bright spot detected the by Cassini/VIMS experiment. Bright spots detected by the Very Large Telescope show a spectral response compatible with methane and water ices (Hirtzig et al., submitted manuscript, 2006) . Surface albedo of the Huygens landing site was estimated to be 0.12 at 2.03 microns and 0.02 at 2.12 microns, very close to the values calculated for dark areas (Negrao et al., submitted manuscript, 2006) .
[35] CO 2 ice was not detected at the surface Hirtzig et al., submitted manuscript, 2006] . At subearth longitudes 284°W and 307°W, it was found that a partial coverage of CO 2 ice does not exceed 7% or 14% for bright and dark surface regions, respectively. At 65 mas angular resolution, the PSF sampled a surface region of 1260 thousand km 2 . The percentages translate into a maximum area of 90 or 180 thousand km 2 filled with solid CO2 ice. The enigmatic bright 5 micron spot at 80°W, 25°S described by Barnes et al. [2005] is not covered by the longitude range of these observations, but would be easily detectable if it were pure solid CO 2 ice . The Huygens landing site was specifically observed by the Very Large Telescope (Figure 5 ). This gives a broader context to the probe measurements (Hirtzig et al., submitted manu- Measurements of both the Probe plane of sky motions, from the VLBI data, and the Probe-Earth relative velocities, from the Doppler observations, are being used. The VLBI data analysis indicates that the probe trajectory in the plane of the sky will be determined to an accuracy of about 1 km . The radio data set will also provide in the near future additional pieces of information:
[37] 1. Measurements of the carrier signal frequency are being used to constrain some attitude parameters of the Huygens Probe during its descent, namely the Probe pendulum motion and spin. These parameters are needed for a careful analysis of the scientific payload data set.
[38] 2. Titan astrometry (measurements of the celestial position and parameters of the motion of the planet).
[39] Folkner et al. [2006] determined the landing position to be latitude 10.33°S, longitude 192.32°W (167.68°E), based on the landed Doppler data combined with the integrated descent trajectory, in excellent agreement with the initial values published by Lebreton et al. [2005] .
Real-Time Detection of the Huygens Probe's Signal
[40] On 14 January 2005, the NRAO R.C. Byrd Green Bank Telescope directly detected the Huygens carrier signal at around 10:19:26 Earth Received Time UTC, thus providing invaluable confirmation of the overall state of the mission some 6 hours before telemetry data could reach the Earth via the Cassini relay. The detection indicated that (1) the Probe entry had been successful, (2) the pilot chute had been deployed and the back cover had been ejected, (3) the main parachute had been deployed, and (4) the Probe had begun to transmit. This was the first indication that the Huygens mission was going to be successful. The CSIRO Parkes Telescope also provided a direct detection of the Huygens carrier signal some two hours later and gave the first evidence that the Probe had landed and continued to transmit after landing. Two hours after the first detection, the Huygens carrier signal was also detected in the Mark 5 [Whitney, 2003] VLBI data recorded at the GBT. This was an important diagnostic of the overall performance of the VLBI part of the radio astronomy segment of the mission.
Express e-VLBI Demonstration in Support to the Huygens Mission
[41] Recent developments in information and radio astronomy technologies make it possible to transport large amounts of data from telescopes to processing centers thousands of kilometers apart via optical fiber lines. This kind of data transport enables a modification of the VLBI technique called e-VLBI [Szomoru et al., 2004] . Its major advantage lies in the elimination of recording media and shortening the delay between observations and obtaining results. The ultimate case of e-VLBI is real time VLBI. Over the last two decades, near-real-time transfer of narrowband VLBI tracking data was exploited by NASA DSN for tracking planetary probes and other spacecraft with the transfer data rates of up to several Mbit/s [Thornton and Border, 2003] .
[42] Since 2003, several observatories involved in Huygens VLBI tracking and JIVE were actively involved in wide-band e-VLBI research and development projects, including various demonstration tests with the transfer data rate of several hundreds Mbit/s. It was decided to apply the e-VLBI technique for a subset of Huygens VLBI tracking data, using high speed transmission and near real-time processing. Of the 17 radio telescopes listed in Table 1 , two (the CSIRO Parkes Telescope and Mopra, both operated by the Australia Telescope National Facility, ATNF), were chosen for the Huygens e-VLBI demonstration. Huygens tracking at Parkes and Mopra was conducted using the LBA's hard-disk recording system, based on the Metsähovi VERSUSI input cards [Dodson et al., 2004] . Immediately after completion of the Huygens observations (late at night, local time in Australia), a charter plane flew over the triangle Mopra -Parkes -Sydney to collect and deliver disks with the recorded data to the ATNF Headquarters in Epping. From there, two 15-min-long data segments recorded on one of the background celestial calibrator sources (a quasar) with a data rate of 512 Mbit/s, were transmitted via fiber optic cables over the Pacific, across North America and further on over the Atlantic to the JIVE data processor in Dwingeloo, Netherlands. The total amount of about 900 Gbits was transmitted with the average data rate of about 300 Mbit/s. In the next step, the data were reformatted remotely at the Helsinki University of Technology from the ''native'' format for the ATNF telescope to the Mark 5 standard, suitable for correlation at JIVE. Another 0.5 hours were needed for JIVE staff to detect the interfer- ometric ''fringes'' (response) on the baseline ParkesMopra. This detection was achieved about 13 hours after completion of the observations of the Huygens Probe at Parkes and Mopra.
[43] Interferometric fringes on the calibrator source obtained in the Huygens e-VLBI demonstration early in the morning of 15 January coupled with the detection of the Huygens channel A carrier signal at GBT and Parkes using both RSR and VLBI data acquisition during and soon after the mission on 14 January, provided a solid proof that the goal of the radio astronomy segment of the Huygens mission would be achieved.
[44] The ''next morning'' result of the express processing of data from the radio astronomy segment of the Huygens mission was an efficient verification of the correctness of the overall setup of the experiment, allowing the team to conclude, that the science goal of the experiment would be achieved in the course of full data processing. It also demonstrated a high potential of similar high data rate VLBI to support navigation of future planetary missions.
Attempt to Detect the Probe's Entry
[45] Because of the STIS failure in August 2004, the HST observation was canceled. In addition, because of the cloudy weather in California and strong winds at the Mauna Kea summit, only the two observations with the Keck II and IRTF facilities were successful. However, no positive detection of the Probe entry was reported. No signal above 0.8 mJ at the wavelength of 1.68 mm has been detected . This does not permit to put significant constraints on the emission. Lorenz et al. [2006] provides all the details, and draws lessons learned for future observations of Probe's entries.
[46] The modeling of the Huygens entry flux was the goal of an extensive set of studies, which took place in 2004 [Walpot et al., 2005] . Two articles in this special section deal with such studies. Magin et al. [2006] describe a model that predicts the population of excited electronic states of the CN and N 2 molecules, in order to assess non-equilibrium radiation effects. Caillault et al. [2006] present radiative heat flux predictions for the Probe entry. The most intense emission originates from CN in the violet range. This study evaluates the role of the self-absorption by the plasma in reducing the total emission, and the effect of the chemical composition on the radiative heating.
Conclusion
[47] The Earth-based observations performed during or around the Huygens mission proved to be of fundamental importance: VLBI and Doppler measurements from the radio astronomy segment were essential in providing measurements of the Titan wind field during the Probe's descent, which would have otherwise been lost because of the telecommunications problem. Observations with adaptive optics provided coverage of Titan's hemisphere where Huygens landed. The zonal wind was measured at different altitudes by various methods, ideally complementing the Doppler Wind Experiment. Other scientific results were achieved concerning stratospheric temperatures, density and composition, cloud activity, haze distribution, surface albedo and composition. VLBI and Doppler measurements provided (or will provide) useful information on the trajectory of the Huygens probe, which is very important for the data interpretation of the probe scientific data set. The real time detection of the probe carrier signal during descent indicated that the probe survived the entry and started transmitting data. No positive detection of the probe entry was reported. However, lessons learned are published in this special section. Comprehensive studies on heat fluxes and heat loads were carried out and will be very valuable for future planetary probe entries. Finally, these observations represented a ''down-to-Earth'' aspect of the mission of prime interest to the media and general public.
[48] The recent Deep Impact event is another example of coordinated ground-based observations [Meech et al., 2005] . In this case seven Earth-orbiting spacecraft, a large number of telescopes and the ESA comet chaser Rosetta were observing comet 9P/Tempel 1 when hit by the impactor.
[49] The utility of ground-based (or Earth-based) observations is summarized in Table 3 [50] The results presented in this special section represent the achievements one year after Huygens. It is clear that a significant part of the data is still being analyzed, and we expect many more scientific results in the coming months and years.
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